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ABSTRACT: Atmospheric Data Collection Lidar (ADCL) is a multi-wavelength lidar system designed for 
measuring tropospheric aerosols and clouds with auxiliary data from ground-based aerosol measurement 
instruments. In this paper, we report on the concept of aerosol and cloud retrieval based on vertical, slant-path, and 
plan-position indicator (PPI) lidar measurements in combination with aerosol measurements conducted with a 
three-wavelength integrating nephelometer, an aethalometer, and a particle counter. Such a combined approach 
makes it possible to study the detailed features of aerosols in the troposphere, including the aerosol-cloud 
interaction. 
1, INTRODUCTION 
Both direct and indirect effects of aerosol particles affect the Earth's radiation budget. The direct effect is due to 
reflection and/or absorption ofradiation, leading to negative/positive effect on the radiative forcing (Coakley Jr. and 
Cess, 1983). The indirect effect, on the other hand, is caused by cloud particles, the formation of which is largely 
influenced by the role of aerosols as condensation nuclei (Jaenicke, 1993). Therefore, it is important to precisely 
monitor aerosol amount and property from the viewpoint of evaluating future trends in climate change. The 
atmospheric data collection lidar (ADCL) at the Center for Environmental Remote Sensing (CEReS), Chiba 
University, has been designed to carry out such monitoring of tropospheric aerosols and clouds (Mabuchi et al., 
2012). Briefly, the system consists of the following three subsystems. The first subsystem is a multi-wavelength 
lidar system, consisting of a three-wavelength lidar, Raman lidars, a high spectral resolution lidar, and a slant-path 
lidar. The second subsystem is a set of ground aerosol sampling instruments, namely, a three-wavelength 
nephelometer, a multi-wavelength aethalometer and an optical particle counter. These instruments measure 
scattering/absorption properties as well as size distributions. The third category is a plan position indicator (PPI) 
mode lidar instrument, used to derive information on horizontal distribution of aerosols. The simultaneous 
measurements using these instruments enable us to make comprehensive analysis of aerosol and cloud particles 
without resorting to assumptions of cloud-free conditions and/or a priori knowledge on the values of wavelength 
dependent lidar ratio, which have so far hindered quantitative interpretation of multi-wavelength lidar signals. - 64 -
2. INSTRUMENTS 
ADCL has a variety of options for observing the atmosphere from different perspectives by using many 
wavelengths. Here we focus on aerosols extinction, scattering and particle size distribution derived from lidar and 
ground-based measurements. Table 1 summarizes the specifications for major lidar units, while Table 2 those of 
aerosol characterization instruments. 
Table 1. Specification and major products of ADCL lidar units. 
lfype �avelength (nm) Telescope (diameter (mm)) Product 
Mie, Raman 355,387,408 R.aymetrics DK 350 (350) lBack scattering 
532,607 !Meade LX 200 (350) N2 and WV Raman 
Mie 1064 Meade LX 200 (300) 
PIS 532 Meade LX 200 (300) Depolarization ratio 
HSRL 532 Meade LX 200 (250) Lidar ratio 
PPI (Mie) 349 Raymetrics DK 300 (300) Horizontal distribution 
Slant(Mie) 532 Meade LX 200 (200) Lower vertical profile 
Table 2. Specification of ground-based aerosol measurement instruments. 
Instrument Parameters 
Optical Particle Counter Particle size distribution 
Rion KC-22B 0.08, 0.1, 0.2, 0.3, 0.5 µ m 
�ethalometer Absorption coefficient 
Magee Scientific AE-31 370, 470, 520, 590, 660, 880, 950 nm 
fotegrating N ephelometer Scattering coefficient 
iI'SI model 3563 450, 550, 700 nm 
Below we report the results from a campaign observation conducted during 6-10 August 2012. During this period, 
various types of weather conditions were observed, including clear sky, cloudy, as well as rainy and humid 
conditions. Both the vertical (355, 532, 1064nm) and slant-path (532nm) lidar units were operated for measuring 
vertical and near-ground-level distributions of aerosol particles. Additionally, the PPI-mode lidar (349nm) provides 
the information on the homogeneity of aerosol distribution in the horizontal plane. Along with the lidar 
measurements, an optical particle counter, an aethalometer, and an integrating nephelometer were employed for 
measuring aerosol size distribution, absorption coefficient, and scattering coefficient. As explained below, these 
values are useful for obtaining the boundary conditions of lidar equations that are solved to retrieve the aerosol 
vertical profiles. 
4. RES UL TS AND ANALYSIS 
For solving lidar equation by forward or backward inversion, (Fernald, 1984), one needs to determine the lidar ratio 
(S1: extinction-to-backscattering ratio) and a reference value of extinction coefficient at certain range where aerosol 
scattering is negligibly small (Fernald et al., 1972). Since the value of S1 can vary from 10 to 100 sr (Parameswaran 
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et al., 1991; Gobbi, 1995), accurate determination of S1 is important for deriving the vertical distribution of aerosols 
extinction coefficient in an accurate way. Another problem generally encountered in a lidar observation is the 
existence of the non-overlapping range in the vicinity of the ground level (Kuze, 1998), since the strong signal from 
the near-end region would cause problems for sensitive detectors. In the ADCL configuration, this region is 
effectively covered by the slant-path lidar data. Besides, when generalizing slant-path lidar data, we have to assume 
horizontal homogeneity of the atmosphere around the observation site. The PPI-mode observation can be used to 
ensure the homogeneity condition (i. e. layered structure) of the aerosol distribution. Under such a homogeneous 
condition, the extinction profiles derived from the slant-path observation can be used to constraint the vertical lidar 
data. 
Figure 1 shows the temporal change of aerosol extinction profiles observed on 10 August 2012. In the afternoon, 
clouds were observed in the altitude range of 4 to 10 km, hindering the observation of the aerosol-free region, 
normally above 5 or 6 km. Thus, the ground observation data in combination with the slant-path lidar data (Fig. 1 b) 
are used to determine the boundary conditions at the near end. The homogeneity condition, on the other hand, can 
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Figure 1. (a) Vertical path lidar signal and (b) slant-path lidar observation data at 532 nm wavelength. (c) PPI-mode 
lidar observation data at 349nm wavelength. ( d) extinction coefficient measured by ground sampling instrument. 
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Figure 2. Temporal variation of the lidar ratio (S1) derived for the tree lidar wavelengths (355, 532, and 1064 nm) from 
the ground-based measurement with the help of Mic-scattering calculation. 
be ensured from the PPI-mode lidar observation (Fig.le). The capability of ADCL for obtaining the data below 
clouds would be useful for the study of aerosol-cloud interaction, which is the basis for the indirect effect of aerosol 
particles in the radiation budget analysis. Figure 2 shows the temporal variation of the lidar ratio (S1) derived for the 
tree lidar wavelengths (355, 532, and 1064 nm) from the ground-based measurement with the help of 
Mie-scattering calculation. 
6. CONCLUSION 
We have described the instrumental aspects and operation principle of the atmospheric data collection lidar 
(ADCL) recently installed at CEReS. The combined analysis of signals from the vertical lidar. slant-path lidar, PPI 
lidar, as well as ground observation data on the aerosol properties is useful for studying the aerosol and cloud 
optical characteristics without concerning the presence of clouds. We are planning to exploit the data from future 
ADCL campaigns to elucidate various aspects of aerosol particles in the Chiba area. 
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